soil sample collected from Lingxian County, Shandong Province, PR China, after incubation for 7 days at 30 C on nutrient agar plates (BD/Difco 212000). The isolate was maintained on nutrient agar slants at 4 C and in glycerol suspensions (25 %, v/v) at -80 C for further study.
Morphological characteristics of cells from exponentially growing culture were detected by using a light microscope (Nikon 80i) and a transmission electron microscope (Hitachi 7500). Growth at different temperatures (0, 4, 10, 15, 20, 25, 30, 35, 40, 45 and 50 C) and pH (4.0-12.0 at 1.0 pH unit increments) was investigated in nutrient broth (BD/Difco 233000). Different NaCl concentrations (0, 0.5 and 1-10 % at 1 % increments, w/v) were produced in medium prepared according to the formula of nutrient broth but varying the addition of NaCl. The medium was adjusted to the desired pH level by using sterile solutions of citric acid/Na 2 HPO 4 (pH 4.0-5.0), Na 2 HPO 4 /NaH 2 PO 4 buffer (pH 6.0-8.0), NaHCO 3 /Na 2 CO 3 buffer (pH 9.0-10.0) or Na 2 HPO 4 /NaOH buffer (pH 11.0) (Ruan et al., 2014) or KCl/NaOH buffer (pH 12.0). Colours of colonies were determined by using colour chips from the ISCC-NBS colour charts standard (Kelly, 1964 ). Cell motility was tested by using the hanging-drop technique (Skerman, 1967) . Oxidase and catalase activities were confirmed by observing bubble production in 1 % (w/v) tetramethyl-pphenylenediamine and 3 % (v/v) hydrogen peroxide solutions, respectively (Shin et al., 2012) . Gram-stain reaction, hydrolysis of starch, tyrosine, casein, urea, gelatin, Tweens 20, 40, 60 and 80, H 2 S production and methyl red test were conducted by standard methods (Smibert & Krieg, 1994) . Physiological and biochemical features of strain LAM9155 T were determined using the API ZYM, 20NE and 50CH strips (bioM erieux) and the Biolog GP2 MicroPlates (Biolog) according to the manufacturers' instructions.
Genomic DNA of LAM9155
T was extracted and purified as described by Marmur (1961) . The 16S rRNA gene was amplified by PCR using the bacterial universal primers 27F (5¢-AGAGTTTGATCCTGGCTCAG-3¢) and 1492R (5¢-GGTTACCTTGTTACGACTT-3¢). Purified PCR products (approximately 1.5 kb) were inserted into pGEM-T vector and sequenced by Life Technologies. The closest phylogenetic neighbours based on 16S rRNA gene sequences were identified and comparisons were made by using the EzTaxon-e database (Kim et al., 2012a) . Phylogenetic analysis was accomplished by using MEGA 5 (Tamura et al., 2011) , after carrying out a multiple sequence alignment of the data using CLUSTAL x (Thompson et al., 1997) . Clustering was performed by using three different methods: neighbour joining (Saitou & Nei, 1987) , maximum likelihood (-Felsenstein, 1981) and maximum parsimony (Fitch, 1971) . Evolutionary distances were calculated according to the algorithm of Kimura's two-parameter model (Kimura, 1980) for the neighbour-joining method. DNA-DNA relatedness tests were performed with strain LAM9155 T , F. endophyticum JCM 30093 T and F. faeni DSM 10309 T , using the optical renaturation method (De Ley et al., 1970) . The DNA G+C content of the DNA was determined using the thermal denaturation method (Marmur et al., 1962) with Beckman DU 800 spectrophotometer (Beckman Coulter), Escherichia coli K-12 was used as a reference strain. The experiments were carried out in quintuplicate.
The major fatty acid analyses were performed on strain LAM9155 T , F. endophyticum JCM 30093 T and F. faeni DSM 10309
T . All strains were incubated in tryptic soy broth (TSB) (BD/Difco 211825) at 25 C; cells were harvested in the late exponential phase. Cellular fatty acid analysis was carried out as described by Sakamoto et al. (2002) . The identification and quantification of the fatty acid methyl esters as well as the numerical analysis of the fatty acid profiles were carried out by the Sherlock Microbial Identification System with the standard MIS Library Generation Software (Version 6.0 and Date 4, Microbial ID) and a 6890N gas chromatograph (Agilent) according to the manufacturers' instructions.
The cell-wall peptidoglycan was obtained and purified according to the description of Schleifer (1985) and Schleifer & Kandler (1972) . Quantitative analysis of the peptidoglycan amino acids was performed by GC according to the method of MacKenzie (1987) . Isoprenoid quinones of strain LAM9155
T were prepared and analysed according to the method described by Minnikin et al. (1984) and Tindall (1990) with HPLC. The polar lipids were extracted and separated on silica gel plate (10Â10 cm, Merck 5554) and further analysed with the method described by Minnikin et al. (1984) and Xu et al. (2011) . Molybdatophosphoric acid was used to reveal the total polar lipids. Aminolipids were determined using ninhydrin reagent. Phospholipids were identified by Zinzadze reagent, and glycolipids were detected using a-naphthol reagent.
Cells of strain LAM9155
T were aerobic, Gram-stainpositive, short rods, non-motile and non-endospore forming with a cell size of 0.3-0.7 µmÂ0.6-1.2 µm (Fig. 1) . Colonies of strain LAM9155 T were yellow, circular, convex and smooth after 36 h incubation on tryptic soy agar (TSA) (BD/Difco 236950) plates at 25 C. The temperature range for growth was 4-40 C (optimum, 25 C) and pH range was 5.5-12.0 (optimum, 7.0). The strain could grow in the medium without NaCl and tolerate up to 7 % (w/v) NaCl. Compared with the type strains of the other two Frigoribacterium species, strain LAM9155 T was positive for the hydrolysis of starch and Tweens 60 and 80, positive for the utilization of D-ribose and putrescine succinic acid and weak positive in the production of acid from turanose. The detailed phenotypic characteristics of strain LAM9155
T are given in the species description. The comparison of the physiological characteristics between strain LAM9155
T and its closely related type strains of the genus Frigoribacterium is shown in T and between strain LAM9155 T and F. faeni DSM 10309 T were 40.2±2.1 and 32.8±1.6 %, respectively. The low DNA-DNA relatedness values (<70 %) between the novel isolate and its closest relatives preclude genomic relatedness and support the designation of strain LAM9155
T as the representative of a novel species within the genus Frigoribacterium (Stackebrandt et al., 1994) . The DNA G+C content was 68.2 mol% as determined by T m method, which was in the range reported for the genus Frigoribacterium.
The major cellular fatty acids of strain LAM9155
T were anteiso-C 15 : 0 (48.7 %), anteiso-C 17 : 0 (24.1 %) and iso-C 16 : 0 (16.1 %). The fatty acid profile was similar to the other two species of the genus Frigoribacterium, while differences existed in their content and other minor compositions. The comparison of major fatty acids among strain LAM9155
T and its relative strains is shown in Table S1 . Cell-wall analysis of strain LAM9155
T showed B-type peptidoglycan containing alanine, glutamate, glycine, serine and lysine, which was different from the amino acid composition of the other two species (Table 1) . The cell wall contained the sugars galactose and ribose. The predominant menaquinone of strain LAM9155
T was MK-9 (90.3 %), which was consistent with F. endophyticum JCM 30093 T and F. faeni DSM 10309 T . MK-10 in minor amount (9.2 %) was also detected. Major polar lipids present in strain LAM9155
T were diphosphatidylglycerol (DPG) and phosphatidylglycerol (PG), which were found to be identical with F. endophyticum JCM 30093 T and F. faeni DSM 10309 T . One unknown glycolipid (GL1) and four unknown lipids (L1-4) were also detected in strain LAM9155 T (Fig.  S3) .
Based on the phenotypic, phylogenetic and chemotaxonomic characterization, strain LAM9155
T is suggested to represent a novel species of genus Frigoribacterium and the name Frigoribacterium salinisoli sp. nov. is proposed.
Additionally, in all phylogenetic trees (Figs 2, S1 and S2), F. mesophilum MSL-08
T formed a monophyletic branch at the root of the cluster containing the genera Homoserinimonas, Alpinimonas and Galbitalea rather than clustering with species of the genus Frigoribacterium, indicating that it belongs to a separate genus. Compared with the reference type species of the closely related genera, strain MSL-08 T showed significant difference in the phenotypic, phylogenetic and chemotaxonomic characterization. Strain MSL-08 T was found to be able to grow under the maximum pH value of 12.0, while others only could grow below pH 10 or less. The growth of strain MSL-08
T was not observed below 20 C, while others could grow under 10 C or even 0 C. Strain MSL-08 T could hydrolyse starch and Tween 80. Major polar lipids of strain MSL-08 T were DPG, PG and one unknown glycolipid (GL). The major cellular fatty acids were anteiso-C 15 : 0 , iso-C 16 : 0 and anteiso-C 17 : 0 . The predominant menaquinone was MK-9. The chemotaxonomic characteristics were similar to the species from the genus Frigoribacterium but significantly different from other reference type species of the closely related genera. The comparison on the various characteristics between strain MSL-08
T and other reference type species is shown in Table 2 . Therefore, on the basis of the phenotypic, phylogenetic and chemotaxonomic characterization, we propose the transfer of F. mesophilum to a new genus, Parafrigoribacterium gen. nov., as Parafrigoribacterium mesophilum comb. nov.
Description of Parafrigoribacterium gen. nov.
Parafrigoribacterium (Pa.ra.fri.go.ri.bac.te¢ri.um. Gr. prep. para beside, alongside, near, like; N.L. neut. n. Frigoribacterium a generic name; N.L. neut. n. Parafrigoribacterium like Frigoribacterium).
Cells are Gram-stain-positive, aerobic, motile, short rod shaped and non-endospore forming. The predominant cellular fatty acids are anteiso-C 15 : 0 , iso-C 16 : 0 and C 18 : 1 !7c. The predominant menaquinone is MK-9. The phospholipids present are DPG and PG. Phylogenetically, the genus belongs to the family Microbacteriaceae. The type species is Parafrigoribacterium mesophilum. . All strains were cultivated with the same medium and under the same growth conditions. All data were obtained in this study unless indicated. +, Positive; À, negative; W, weak reaction. All strains in this study were positive for catalase and hydrolysis of tyrosine, Tween 20 and aesculin and negative for oxidase, H 2 S production, methyl red test, nitrate reduction, indole production, glucose fermentation, assimilation of adipic acid, N-acetylglucosamine and phenylacetic acid and hydrolysis of lipase, casein, urea, gelatin and protease. Enzyme activities were positive for esterase lipase, leucine arylamidase and naphthol-AS-BI-phosphohydrolase and negative for trypsin, b-glucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. Data for polar lipid profiles and cell-wall peptidoglycan type of F. endophyticum JCM 30093 T 
Frigoribacterium salinisoli LAM9155 T (KX094417)
Frigoribacterium endophyticum EGI 6500707 T (KM114212)
Frigoribacterium faeni 801 T (Y18807)
Yonghaparkia alkaliphila KSL-113 T (DQ256087)
Glaciihabitans tibetensis MP203 T (KC256953)

Marisediminicola antarctica ZS314 T (GQ496083)
Compostimonas suwonensis SMC46 T (JN000316)
Subtercola frigoramans K265 T (AF224723)
Frondihabitans peucedani KCTC 13435 T (FM998017)
Frondihabitans australicus E1HC-02 T (DQ525859)
Frondihabitans cladoniiphilus CafT13 T (FN666417)
Frondihabitans sucicola GRS42 T (JX876867)
Cryobacterium luteum Hh15 T (HQ845193)
Cryobacterium levicorallinum Hh34 T (JF267312)
Klugiella xanthotipulae 44C3 T (AY372075)
Cryobacterium mesophilum MSL-15 T (EF466127)
Labedella gwakjiensis KSW2-17 T (DQ533552)
Rathayibacter iranicus DSM 7484 T (AM410684)
Rathayibacter tritici DSM 7486 T (X77438)
Mycetocola reblochoni R-20377 T (DQ062097)
Mycetocola miduiensis MD-T1-10-2 T (HQ917055)
Galbitalea soli KIS82-1 T (JX876866)
Alpinimonas psychrophila Cr8-25 T (GU784868)
Frigoribacterium mesophilum MSL-08 T (EF466126)
Homoserinimonas aerilata 5317J-19 T (JQ639053)
Leifsonia psychrotolerans LI1 T (GQ406810)
Leifsonia pindariensis PON10 T (AM900767) (Kim et al., 2012c) . All type strains have negative results for H 2 S production, indole production and hydrolysis of urea and trypsin. +, Positive; À, negative; W, weak reaction; ND, no data available. 
